Objectives: To determine how often the pediatric otolaryngology service is involved in the initial care of infants with an apparent life-threatening event (ALTE), to assess the usefulness of bronchoscopy and laryngoscopy in diagnosing the underlying etiology, and to describe the long-term airway outcomes and whether these patients were seen by the pediatric otolaryngology service over a 5-year follow-up period.
A N APPARENT LIFE-THREATening event (ALTE) in an infant is defined as the following: "an episode that is frightening to the observer and that is characterized by some combination of apnea (central or occasionally obstructive), color change (usually cyanotic or pallid), marked change in muscle tone, choking, or gagging. In some cases, the observer fears that the infant has died." 1(p125) The term apparent lifethreatening event is nonspecific, and the event can be due to various causes that include different organ systems. This poses a diagnostic dilemma for the physician, and the current literature does not define the necessary steps for evaluation and management. 2 Apparent life-threatening events are not uncommon, with the incidence estimated at approximately 0.6 cases per 1000 live-born infants. 3, 4 Furthermore, ALTEs account for 0.6% to 0.8% of emergency department visits for infants younger than 1 year, 2, 5 with a mean cost of $15 567 for patient hospitalization. 6 Several serious underlying medical conditions have been found in infants with an ALTE, including epilepsy, physical child abuse, cardiac rhythm abnormalities, cryptic infections, and reflux. 2, 7, 8 These events understandably provoke anxiety among parents; however, the infants usually appear healthy and well on presentation. 9 These considerations may lead to an extensive inpatient diagnostic workup, although a definitive diagnosis is reached in fewer than half of the patients. 1, 10, 11 Otolaryngology evaluation has been suggested by some for the workup of patients with an ALTE. 12, 13 Other investigations have demonstrated structural abnormalities of the upper airway in patients seen with an ALTE. Ruggins and Mil- 15 found that 50% had structural abnormalities of the upper aerodigestive tract. Which patients require otolaryngology consultation and upper airway evaluation has not been clearly defined and is debated. Furthermore, no systematic studies to date have evaluated and described the relevant short-and long-term airway outcomes in patients with an ALTE.
The objectives of our study were to determine the incidence and usefulness of pediatric otolaryngology airway evaluation among patients with an ALTE who were otherwise stable but were hospitalized for further evaluation and management. We also reviewed the incidence of airway intervention during a 5-year follow-up period after the initial ALTE.
METHODS

STUDY DESIGN
The study occurred at a tertiary children's hospital affiliated with a university hospital that serves a region of more than 1 million children 16 and is located in an urban area with more than 270 000 children. 17 The hospital is operated by a large, vertically integrated, not-for-profit health care system (Intermountain Healthcare, Salt Lake City, Utah). The hospital serves as the only children's hospital in the state and is the sole hospital providing pediatric otolaryngology care. The study was approved by the institutional review boards of the University of Utah and Intermountain Healthcare.
Initial identification of the study cohort consisted of all infants younger than 12 months who had been admitted for an ALTE between January 1, 1999, and December 31, 2003. An ALTE was defined as a sudden event consisting of 1 or more of the following events that were concerning to the caregiver: (1) breathing irregularity (including apnea, choking, and gagging), (2) color change (including cyanosis and pallor), (3) altered muscle tone (including hypotonia and hypertonia), (4) abnormal movements (including clonus), or (5) altered mental status (including unresponsiveness).
Patients were excluded from the study if they met at least 1 of the following criteria: (1) if the patient had a known medical history that could explain the ALTE (such as a seizure disorder), (2) if the patient at presentation to the emergency department or admitting hospital had an apparent diagnosis that could explain the ALTE (such as bronchiolitis), or (3) if the patient had unstable vital signs on presentation to the emergency department. 7 The infants with an ALTE who met study inclusion criteria were then cross-referenced against a database of 5156 patients who underwent airway evaluation at the same institution between January 1, 1999, and December 31, 2008. This database was compiled using a computer-based screen of all 2008 Current Procedural Terminology codes for bronchoscopy and laryngoscopy (codes 31615-31656 and 31505-31579) performed by the pediatric otolaryngology service during that time frame.
Clinical data for the infants with an ALTE and for the patients undergoing airway evaluation were abstracted from hospital electronic and paper medical records and from otolaryngology clinic medical records. Collected data included the procedure performed, findings, ancillary tests, diagnoses, and all follow-up visit information.
STATISTICAL ANALYSIS
Descriptive statistical analyses were performed to determine the incidence of pediatric otolaryngology evaluation among the ALTE cohort. In addition, descriptive statistics for the study cohort were obtained for patients who underwent airway examination during the ALTE hospitalization or during the follow-up period.
RESULTS
Among 187 903 patient visits, we identified 1148 infants with an ALTE, 471 of whom met study inclusion criteria. Over 10 years, 5156 patients had been seen by the pediatric otolaryngology service for an airway evaluation via bronchoscopy, flexible laryngoscopy, or both. This 10-year period included 5 years during which all the ALTEs occurred and an additional 5 years of followup. By cross-referencing the 2 cohorts, 9 patients (6 male and 3 female) were identified who had an airway evaluation, constituting 1.9% of 471 patients.
Among 9 patients, the mean age at ALTE presentation was 55 days (range, 0-237 days). Pediatric otolaryngology service consultations took place at a mean age of 22.8 months. The mean time from an ALTE to consultation was 21 months. Airway findings are as follows: 5 patients (56%) had normal findings, 3 patients (33%) had laryngomalacia (including 2 [22%] with laryngeal edema), and 1 patient (11%) had adenotonsillar hypertrophy. The timing of the examination ranged from 1 day to 60 months after the ALTE. Two of 9 patients had follow-up visits (mean follow-up duration, 3.6 years). No deaths nor further ALTEs were recorded in the follow-up period.
Of 9 patients with an ALTE who had an airway evaluation, only 3 were referred to the pediatric otolaryngology service during their initial ALTE admission. The indications for consultation were gasping, stridor, and aspiration ( Table 1) . One of 3 patients was found to have laryngomalacia, and supraglottoplasty was per- formed. The other 2 patients had normal findings on airway examinations.
The remaining 6 patients were referred to the pediatric otolaryngology service later in childhood for airway evaluation ( Table 2) . Two of the patients were referred for recurrent upper respiratory tract infections, one of whom also had obstructive sleep apnea and underwent adenotonsillectomy 1.4 years after her ALTE. Another patient was evaluated for a lifelong history of stridor and had supraglottoplasty performed for laryngomalacia. One patient was seen for chronic aspiration, and the remaining 2 patients had stridor after prolonged intubation (these patients had been intubated for dilated hypertrophic cardiomyopathy and intractable seizures, respectively).
Analysis of 471 patients in the ALTE cohort revealed that 188 (40%) were diagnosed as having gastrointestinal reflux disease on discharge, including the 3 patients seen by the pediatric otolaryngology service during their admission for ALTE. Two of 471 patients died at 18 months and 5 1 ⁄2 years after their initial ALTE admission. Both patients had developed seizure disorders and developmental delay and then experienced chronic respiratory issues and bulbar insufficiency. 7 Neither patient had been seen by the pediatric otolaryngology service.
COMMENT
This study looked at a large inpatient cohort and determined the incidence and usefulness of pediatric otolaryngology consultation. Among well-appearing infants who were admitted for an ALTE, the pediatric otolaryngology service was involved in their care only 1.9% of the time (in 9 of 471 infants) during 5 years after the episode. Surgical intervention was ultimately performed on 0.6% of the cohort (in 3 of 471). This emphasizes the discretion required by a referring physician in determining which patients would benefit from airway evaluation. While pediatric otolaryngology consultation may be indicated, the many pathologic conditions that can lead to an ALTE demand a rational approach to the diagnostic workup. However, the current literature is unclear on which patients warrant airway evaluation.
There is scant evidence in the otolaryngology literature to clarify the topic. In 1997, McMurray and Holinger 15 published a retrospective medical record review of 30 children who had an ALTE. All were referred to the pediatric otolaryngology service for an airway evaluation after their ALTE. The authors found that 50% of the patients had upper airway anomalies on examination (40% laryngeal and 10% pharyngeal) and that one-third required surgical intervention. Their conclusion was that infants initially seen with an ALTE should undergo endoscopy for an upper airway evaluation.
Our study adds to the body of literature by looking at the broader study population of all infants hospitalized for an ALTE, not just those patients who were referred for pediatric otolaryngology consultation. We found that only 3 patients (0.6%) in our study population were referred to our service during their ALTE admission, and only 1 patient (0.2%) required surgical intervention. Furthermore, during 5 years following the initial ALTE, only 6 of 471 patients (1.3%) were subsequently seen by our service for airway evaluation. Two of these patients (0.4%) required surgical intervention, illustrating that most of these patients did well, despite not having a pediatric otolaryngology consultation. We assume that patients with any significant disease would ultimately come to our institution, as it is the only provider of pediatric subspecialty care in the Intermountain West.
In one aspect, our data are similar to those in the study by McMurray and Holinger 15 ; of 9 patients seen by our service, 4 (44%) had upper airway anomalies. However, when looking at the referral source (a well-described large inpatient cohort), this number comprised only a small fraction of the patients with an ALTE. Among 468 patients who did not have an airway evaluation during their ALTE admission, 462 (98.7%) did not require one over the next 5 years. This finding indicates that pediatric otolaryngology consultation is infrequently requested at our institution for well-appearing patients with an ALTE and that ultimately these patients are rarely seen by the pediatric otolaryngology service in the years following their initial ALTE presentation.
Strengths of our study include the large cohort size and the ability to track long-term follow-up and out- comes data in a large vertically integrated health care system. Most pediatric patients in Utah and southern Idaho are cared for by the same health care system, which is composed of 21 hospitals that all use the same electronic medical record system to log admissions, emergency department visits, pediatric clinic visits, radiology results, and other data. This system underscores the likelihood that, barring relocation, patients with recurrent airway issues would have been identified in this medical record review. Furthermore, our facility is the only provider of pediatric otolaryngology services in the Intermountain West, and patients seen outside of the health care system would likely have been referred back to us for evaluation if recurrent airway issues arose.
There are several limitations to this study, the first being that it is a retrospective analysis. In addition, because ALTE is not a codable diagnosis, the initial patient population was identified using keywords and alternate diagnoses (ie, apnea or hypotonia), and it is possible that some cases were not captured. Furthermore, some of the study population may have moved out of the area during the follow-up period and received treatment at another institution. Finally, our analysis considered only those infants who appeared well on presentation to the emergency department. Patients with an ALTE who are initially seen with airway distress or stridor should undergo otolaryngologic evaluation.
CONCLUSIONS
Our study describes the likelihood that an infant will require a pediatric otolaryngology airway evaluation within 5 years after a hospital admission for an ALTE. Only patients who were stable on presentation and had no comorbid diagnoses explaining the episode were considered for inclusion in the study cohort. Of 471 patients with an ALTE identified, 1.9% (9 of 471) had a formal airway evaluation, and only 0.6% (3 of 471) ultimately required pediatric otolaryngologic surgical intervention. Our study population differs from cohorts previously reported in that we considered all ALTE presentations at our institution and determined both short-term and long-term necessity for pediatric otolaryngology referral and intervention. Despite the low rate of initial airway evaluation, we found no evidence of detrimental outcomes caused by a delay in referral during the ensuing 5 years. The results of this study suggest that pediatric otolaryngology evaluation is of low yield in well-appearing infants hospitalized for an ALTE.
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